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Outline for this afternoon

e SNP

e Strand orientation and complementary bases
e Genotype

e Homozygotes and heterozygotes

* SNP genotyping

e Phenotype

e Associating genotype and phenotype

e Case story: Genotype and phenotype of an ancient genome

e Main exercise: Genotype to phenotype



SNP



Sequence variations

¢ Single nucleotide polymorphisms

® |nsertions/deletions

® Copy number variations (large: >1kb)

e Variable (short) number tandem repeats



Single Nucleotide Polymorphisms (SNPs)

e A single nucleotide (A, T,C,G) DNA sequence alteration
.. ACGGCTAA ..
.. ATGGCTAA ..

e [t must occur in at least 1% of the population
® 10-30 million SNPs
® The most common kind of human genetic variations

® Occur every 100-300 bases along the 3-billion-base human
genome

e Evolutionary stable



® O O Reference SNP(refSNP) Cluster Report: rs17822931

SNP database: dbSNP

e rs numbers

e chromosome and positions (nchi36 vs GRCh37)

** With probable-pathog..."http:/ /www.ncbi.nim.nih.gov/sites /varvu?gene=85320&rs=17822931"> [detail]</a> **

u] @ [ + = http:/ /www.ncbi.nim.nih.gov/SNP/snp_ref.cgilrs=17822931 ¢ WQ- Google

(o

dbSNP
Short Genetic Variations

PubMed Nucleotide Protein Genome Structure PopSet Taxonomy OMIM Books SNP

Secarch for SNP on NCBI Reference Assembly

dbSNP Homepage
nnouncements
dbSNP Summary

: | for . Co |
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RefSNP Allele HGVS Names
Organism: human (Homo saplens) Variation Class: SNV: NC_000016.9:9.48258196C>T
Molecule Type: Genomic single nucleotide variation NG_011522.1:9.15891G>A
Created/Updated in build: 123135 RefSNP Alleles: C/T NM_032583.3.¢.538G>A
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DNA is double-stranded

....ahd “C” on the other

“G” on one strand...



SNP A SNP B

“C” or “T” on the red strand “C” or “G"” on the red strand
“G” or “A” on the green strand “G” or “C” on the green strand




Genotype of an
individual for a given

SNP



One copy of rs17822931 from the father and one copy from the mother

5" ...GGCCTGAGT...3" (+)

Copy 1:
- 37 ...CCGGACTCA...5" (-)

5" ...GGCCCGAGT...3" (+)

Copy 2:
¥ 3’ ...CCGGGCTCA...5" (-)

Genotype for rs17822931 on plus strand:

T;C (T;C)
’ T,C (T,C)
(C,’T) CT C:T C’T
’ rsl7822931(T;C) ¢
rsl1l7822931 (C;T)

Genotype for rs17822931 on minus strand:

A;G (A;G)
; A,G (A,G)
(G;A) GA ., crT
! rsl7822931 (A;G) AG
rsl7822931 (G;A)



exercise

rs4738084 rs17822931 rs73546424
Coov 1 5’ ...TCCCCTGGG. . .GGCCTGAGT. . .TGCATGTGA. .. 3’ (+)
opy 1:
il 3’ ...AGGGGACCC...CCGGACTCA...ACGTACACT... 5" (-)
Cony 2 5’ ...TCCCCTGGG. . .GGCCCGAGT. . .TGCAAGTGA. .. 3’ (+)
opy 2:
o 3’ ...AGGGGACCC...CCGGGCTCA. . .ACGTTCACT... 5" (=)
rs17822931 rs73546424

rs4788084

dbSNP orientation: minus

dbSNP orientation: plus

dbSNP orientation: plus

genotype on “plus strand”

genotype on “minus strand”

genotype on “dbSNP strand”
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exercise

rs4738084 rs17822931 rs73546424
Coov 1 5’ ...TCCCCTGGG. . .GGCCTGAGT. . .TGCATGTGA. .. 3’ (+)
opy 1:
il 3’ ...AGGGGACCC...CCGGACTCA...ACGTACACT... 5" (-)
Cony 2 5’ ...TCCCCTGGG. . .GGCCCGAGT. . .TGCAAGTGA. .. 3’ (+)
opy 2:
o 3’ ...AGGGGACCC...CCGGGCTCA. . .ACGTTCACT... 5" (=)
rs17822931 rs73546424

rs4788084
dbSNP orientation: minus

dbSNP orientation: plus

dbSNP orientation: plus

genotype on “plus strand” C:C T,C T:A
/ or alphabetically G;T or alphabetically A;T

genotype on “minus strand” G;G A:G AT

genotype on “dbSNP strand” G:G T.C T.A

or alphabetically C;T

or alphabetically A;T
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Homozygotes and
heterozygotes



Homozygous:
Genotype consisting of two identical alleles at a given locus
(For a SNP: the same base at both copies, eg. C;C or A;A)

Heterozygous:
Genotype consisting of two different alleles at a locus
(For a SNP: the same base at both copies, eg. A;C)




5’ ...TCCCCTGGG. . . GGCCTGAGT. .
Copy 1:
= 3’ ...AGGGGACCC. ..CCGGACTCA. .
5’ ...TCCCCTGGG. . . GGCCCGAGT. .
Copy 2:
= 3’ ...AGGGGACCC. ..CCGGGCTCA. .
heterozygous
or
heterozygous
homozygous
or

¢

exercise

rs4788084 rs17822931

homozygous
¢

rs73546424

¢

.TGCATGTGA... 3’ (+)
.ACGTACACT... 5" (-)
.TGCAAGTGA... 3’ (+)
.ACGTTCACT... 57 (-)
heterozygous

or
homozygous
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exercise

rs4788084 rs17822931 rs73546424
C 1 5’ . TCCCCTGGG. . .GGCCTGAGT. . .TGCATGTGA... 3’ (+)
opy I«
il 3’ ...AGGGGACCC...CCGGACTCA...ACGTACACT... 5" (-)
C 2 5/ . TCCCCTGGG. . . GGCCCGAGT. . .TGCAAGTGA... 3’ (+)
opy <.
- 3’ ...AGGGGACCC...CCGGGCTCA. . .ACGTTCACT... 5’ (-)
rs4788084 rs17822931 rs73546424
dbSNP orientation: minus dbSNP orientation: plus dbSNP orientation: plus
genotype on “plus strand” C,C GT AT
genotype on “minus strand” G;G A;G AT
genotype on “dbSNP strand” G;G GT AT
zygosity homozygous heterozygous heterozygous
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Obtaining the SNP
genotypes

(genotyping)



SNP arrays
0.5 — T million SNPs

Affymetrix SNP 6.0
Affymetrix SNP 5.0

Affymetrix GeneChip Human Mapping 250K
Affymetrix Axiom GW

[lflumina Human Hap 650v3
[lflumina Human Hap 550v3

[llumina Human Hap 300v3



Target prep

Amplify

SNP arrays

Hybridization Ligation

Signal amplification
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Commercial genotyping companies

®23andme
e deCODEme
® Navigenics

Start filling in the
gaps with your DNA
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O Get Monthly
DNA Discoveries
v J
MAY ’
Now rocuits |

avalabey

Gain Insight into your traits, from baldness to muscle performance. Discover risk
factors for 97 diseases. Know your predicted response to drugs, from blood

thinners to coffee. And uncover your ancestral origins

Discover Health
& Ancestry

Informed

start tour »

Keep Your Doctor

Participate In
Research



What is a phenotype?



An observable characteristics or trait

* eye color gk 7@s 78wy
obesity & B

height




A method for connecting genotypes and phenotypes

Genome-wide

association studies
(GWAS)



Cases vs controls

Obtain DNA from a disease group (e.g. asthma) and a
control group

Obtain genotypes

Identify variants that are significantly more common
among cases than controls

Those SNPs are associated with the disease (in this
study)

Not necessarily causal



GWAS results:
p-values



Example of GWAS results (asthma)

Manhattan plot displays all SNPs on x-axis (order by genomic location),
and -logio of p-values on y-axis.
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Chromosome

Figure 2. Manhattan Plot of the Results from the Combined Subjects of European Ancestry Who Had Asthma.

The -log,, P values are plotted against the physical distance. Only the two loci at chromosome 1g31 and 17921
were significantly associated with asthma after Bonferroni correction. Individual chromosome labels are indicated
in white within the Manhattan plot.

Variants of DENND 1B Associated with Asthma in Children

Patrick M.A. Sleiman, Ph.D., James Flory, Ph.D., Marcin Imielinski, M.D., Ph.D., Jonathan P. Bradfield, B.S., Kiran Annaiah,
M.Sc., Saffron A.G. Willis-Owen, Ph.D., Kai Wang, Ph.D., Nicholas M. Rafaels, M.S., Sven Michel, Ph.D., Klaus Bonnelykke,
M.D., Ph.D., Haitac Zhang, Ph.D., Cecilia E. Kim, B.A., Edward C. Frackelton, B.A., Joseph T. Glessner, M.Sc., Cuiping Hou,
M.Sc., F. George Otieno, M.Sc., Erin Santa, B.A., Kelly Thomas, B.A., Ryan M. Smith, B.A., Wendy R. Glaberson, B.A., Maria
Garris, B.A., Rosetta M. Chiavacci, B.S.N., Terri H. Beaty, Ph.D., Ingo Ruczinski, Ph.D., Jordan M. Orange, M.D., Ph.D.,
Julian Allen, M.D., Jonathan M. Spergel, M.D., Ph.D., Robert Grundmeier, M.D., Ph.D., Rasika A. Mathias, Sc.D., Jason D.
Christie, M.D., Erika von Mutius, M.D., Wiliam O.C. Coockson, M.D., Michael Kabesch, M.D., Miriam F. Moffatt, Ph.D., Michael
M. Grunstein, M.D., Ph.D., Kathleen C. Barnes, Ph.D., Marcella Devoto, Ph.D., Mark Magnusson, M.D., Hongzhe Li, Ph.D.,
Struan F.A. Grant, Ph.D., Hans Bisgaard, M.D., and Hakon Hakonarson, M.D., Ph.D.

N Engl J Med 2010, 362:36-44 | January 7, 2010



Online phenotype association resources

® NHGRI's Catalog of Published GWAS:

http://www.genome.gov/GWAStudies/

® SNPedia:

http://www.snpedia.com



http://www.genome.gov/GWAStudies/
http://www.genome.gov/GWAStudies/
http://www.snpedia.com
http://www.snpedia.com

Published Genome-Wide Associations through 06/2011

1,449 published GWA at p<5x10- for 237 traits 2011 2nd quarter

-

NHGRI GWA Catalog
www.genome.gov/GWAStudies



http://www.genome.gov/GWAStudies
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Earwax

rs17822931 determines wet vs dry earwax [PMID 16444273 &)
This can also be used to distinguish asian ancestry.
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Genotype and phenotype
of an ancient genome



First Ancient Human Genome




The Sagqgag Genome Project

4,000 years
Hair sample from permafrost
DNA extraction <10% contamination

20 X coverage
Started 2009

| ": ¢ Eske Willerslev



DNA from hair

HY WD Mag Sigl Det Spot File
20.0 kV 10.5 mm 2000x SEIETD 5.0 |saqgaa 018.pg"




DNA from hair

e Hardly any contamination
e Relatively high yield

e Short fragments

e <3 month sequencing

e Post-mortem DNA damage

e Polymerase Phusion



Single nucleotide
polymorphism

Rasmussen et al.£ have sequenced the genome of a man from the Sagqaq culture, using DNA from hair preserved in permafrost in
Greenland. They analysed the genome to find single nucleotide polymorphisms (SNPs) — differences in single DNA base pairs that exist
between indiwvidual genomes, and that may act as markers of an individual's physical traits. a, Here, a short stretch of human DNA s
shown that is a marker for normal earwax. b, In the analogous DNA from the Saqgaqg individual, there is a8 SNP in which a C in the lower
strand has been replaced by a T (C, G, T and A denote the four kinds of DNA base). This SNP shows that the Saqqaq man had dry
earwax, Rasmussen and colleagues identified other SNPs indicating that the ancient human had, among other things, brown eyes, non-
white skin, thick dark hair and an increased susceptibity to baldness.

V. WARD, UNIV. AUCKLAND



What can we say about his phenotypes?






Thick hair Increased nisk of baldness

133827760 rs1385699
r$6152
Dark hair
Dry earwax, common in Asian people r$12913832
7 1 rs7495174
rs1762293 4TT8041
rs4778138
Unable to taste bitter SN Increased risk for heart disease
r$10246939 PR
A 7
rs713598 A VO e
T\ X 5
.,\;:
’ .\
Higher BMI 1
rs1528133
152272383 ) 4
1$2272382 : : 7 Not European light skinned
rs1426654
Higher percentage fat mass "
rs5746059 .
Cold adaptation
rs9493857
rs1042522
rs4655518
Gluten intolerant ’ ?7656332
b rs13222
rs2305764 - rs751141
. rs 1800404
Lactose intolerant re 1426654
rs4988235 : rs2570032
rs182549 ‘ rs12946618
rs12946049
rs12946115

From genotype to phenotype: how good are we at putting a face to an anonymous individual? - While some traits manifest
themselves in a tissue specific manner (highlighted in green), others are more systemic (highlighted in blue). Going from the genetic
blueprint to visual appearance, physiological behaviour and medical predispositions is still an open challenge.



Table S14. List of SNP identifiers used for functional assessment. Associations to
phenotype were curated from literature, public databases and HGMD Professional.
Frequencies from Hapmap Phase-II are represented in pie charts, with the colour of
the Saqqaq Allele matching the corresponding genotype in the pie charts. In most
cases, the Saqqaq allele is closest to the Asian (Han Chinese and Japanese)
populations.

. Referen Saqqaq HapMap frequencies

e N Allele

= Allele 1 ceu HCB JPT YRI
158176719 66 NA NA NA NA NA
rs8176750° 67  S84E-34 GG NA NA NA NA
rs12913832’ 68 |S5.13E-10, AA | Iy € @ r M—Qra
rs7495174' 68 |1.14E25| AG | T @ Ll =l B
rs4778241° 68 |824E06| AA | WA €-c " @d o
rs1129038" . 68 R 69E-40 - C/( NA NA NA NA

rs1426634° 69 |8.78E-12 GG | AA Q_:‘-. o—@r A co—@r A oA
rs1385699° 0 |8s7E05| TT | @d @ -@rc co—@rd

s6152 | T (412621 GG | NA | NA | NA | NA
rs1528133° 63 | L50E-08 A« ¢ N ¢ ¢
152272383° 63 |142E27| AG |Go—Q — LBk
r52272382° 63 | S40E-60 A/G N, © A ]
135746059 62 |16E0S| AA [ @ [T TR |-



rs17822931° 72 836E-09 TT & r-—rg:_ ¢ | o €
rs3827760’ 73 |56IE12| cC | T G-,IQ - =
rs16891982° 74 387E-13 CC ¢ g g.f.‘ 3 | Q.
w022 5 |27 | 66 | .. @8 n | ___‘{; a |
rs13222385” | 59 |321E05| AG |G .g: 1o ¢ € | A g
7511412 59 21307 T/T G—;:‘ ¢~ | er o
rs1800404" 59 251E-14 AN ac—E { a4 €
rs1426654" 59 |878E-12| GG | AA—@cA co—BrA co—rA SO GA
n2570932° 59 “"007'509* e | { @ .{-_;; r;_—
129466187 59 ’0'002'380. AA | ST ”Q—_QE o co—@r
nios6l1s® | 59 |2aE06 cc | @l A q B A- G

'Blood Group: not type O. “Blood Group: Al subtype. ‘Brown eyes. ‘Not European
light skinned. *Increased risk of baldness. *Higher body mass index. "Higher
percentage fat mass in Caucasian and Chinese samples. *Dry earwax, common in
Asian people. “Thick hair and Shovel shaped upper front teeth. '“More likely to have
black hair (in European cohort study). ' Cold adaptation: non-synonymous change in

TP53. 12 Cold adaptation: Metabolic genes.
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83 http: / fwww.cbs.dtu.dk /cgi-bin/sagqaq.cgi

The Sagqqaq Genome Database (beta)

[ home | download flat files | ancienigenome dk )




e ""
The Saqqaq Genome Database (beta)

Choose allernatve output 1ormat: | Table with addwtional information 18 (Submit )

Result
-_I--_--_--—
16 46815689 C y  CC  16396e-13
16 46815690 Ty TT 95824014 ﬂ
16 46815691 Ty TT  999%e-14 33
16 46815692 A y AA 101e13 33
16 46815693 C y  CC  32608e-13 32
16 46815694 Ty  TT  19992e-13 32
16 46815695 G y GG 6565e13 3
16 46815696 Gy GG 6913613 3
16 46815697 C y  CC  13222e12 30 o ’
16 46815698 C y  CC 26699012 29 ‘
16 46815699 C n TT 83635009 28 1317822931 single  +
16 46815700 G y GG 1327112 30 ' g
= |o 46815701 Ay AR 25557e13 31
' 57026 y GG 2090713 32
- 8815703 Ty TT 64Ti1e-14 33
A, 815704 Ay  AA 1304913 32
- 4 w 46815705C y CC 42Me13 3
' v 15706 Ay AA  25604e-13 31
5815707 C  y CC 44147e13 N
[I] 15708 T y  TT  25521e13 31
16 46815709 Gy GG 21138013 32

A

-« >




Exercise



From genotype to phenotype

* 99.9% of human DNA is identical to another person
e The genotype of an organism is the inherited instructions within the DNA

e A phenotype is any observable characteristic or trait of an organism

Exercise: Genotype to Phenotype
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